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Three experimental concepts investigating possible anisotropy of the speed of light are presented.
They are based on i) beam deflection in a 180◦ magnetic arc, ii) narrow resonance production in
an electron-positron collider, and iii) the ratio of magnetic moments of an electron and a positron
moving in opposite directions.
PACS numbers: 11.30.Cp, 98.80.-k
There are several well known experiments which in-
vestigate the one-way speed of light c; see the review
and analysis in Refs. [1, 2]. Here we present related
experimental schemes based on a high energy electron
(positron) beam. The experiments test isotropy of the
maximum speed, but we refer to the speed of light assum-
ing the photon to be massless. A recent experiment at
the storage ring ESRF (Grenoble) established a stringent
constraint on the speed of light anisotropy of 1.6× 10−14
using the Compton back-scattering method [3, 4].
In this letter we discuss three other methods which
could be used in a search for directional variation of the
speed of light and/or related effects. Their common fea-
ture is a large value of the Lorentz factor of the electron
(positron) beam, γ−(+), of a few 104. They are based
on various techniques for the beam momentum measure-
ment.
MOMENTA IN OPPOSITE DIRECTIONS
Deflection of the beam in a magnetic field is the sim-
plest method for a momentum measurement. Such a
measurement could provide very accurate monitoring of
slight changes of momentum assuming stability of the
magnetic field and the beam position detectors. Two
beam momentum monitors at opposite sides of a 180◦
bending magnet allow one to measure the ratio of the
particle momenta p+, p− moving in opposite directions,
R = p+/p− (see Fig. 1). The sensitivity of the method,
δc/c ∼ (δR/R)/γ2, is defined by the beam Lorentz factor
and relative accuracy of the momentum monitors.
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FIG. 1: Diagram for measurement of the beam momenta with
a 180◦ arc magnet.
Assuming that there are no acceleration elements be-
tween those two momentum measurements and a small
correction (calculable) on the radiative energy loss, such
a ratio should be stable even when the actual beam en-
ergy varies. The value of R will be close to 1 with any
deviation mainly due to the systematics uncertainties of
the momentum monitors. The configuration could have
a large portion of the arc used as a momentum moni-
tor (the area A (B) shown in Fig. 1) because it allows
higher dispersion and better sensitivity in spite of the
angle’s being smaller than 180◦ between the two momen-
tum monitors. The systematics of the R measurement
are strongly suppressed when the measurements in both
monitors perform synchronously. The proposed measure-
ment of the ratio R is sensitive to the directional variation
of the speed of light as formulated, for example, in the
Mansouri-Sexl test theory [5]. The results could also be
interpreted in terms of the Standard Model Extension [6],
whose odd-parity parameter k˜o+ would be constrained.
The time dependence of R could reveal, for example, the
directional variation of the speed of light due to changes
in the beam direction because of the accelerator rota-
tion together with the Earth and variation of the speed
of motion relative to the Cosmic Microwave Background
dipole [7].
A number of accelerators with beam energies in the
several GeV range have (or could build) beam momen-
tum monitors with a level of 10−6 relative precision over
a period of one millisecond. Indeed, the accuracy of the
momentum monitor is defined by the precision of the
beam position monitors, BPMs, and the deflection of the
beam trajectory in the dipole magnet. The RF-based
BPMs have an accuracy on the level of 1 µm for a 0.1
nC beam bunch charge [8]. Measurement of the magnet
temperature with 0.01◦K accuracy and the magnetic field
by means of NMR should allow sufficient short term sta-
bility of the magnetic field integral. The BMPs located
next to the dipole section with dispersion of 2-3 meters
should provide the required accuracy of the momentum
measurement. When data are averaged over a few hours,
the potential sensitivity of R should be on the level of
10−9 (limited by the long term stability of the beam po-
sition monitors, which could be determined by means of
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2the optical interferometer to sufficient precision as shown
e.g. in Ref. [9]). The relatively small size of each momen-
tum monitor of 20 meters will help to minimize known
distortions such as tide and ground instability. The com-
bined effect of these uncertainties on the precision of the
R measurement we estimate to be less than 10−7.
The stability of measurement could be greatly im-
proved by means of two beams (electron and positron)
moving in the same magnetic system, which would allow
a full compensation of drift of the momentum monitor
characteristics with normalization of the electron ratio
Re = pe+/p
e
− to the positron ratio R
p = pp+/p
p
−. The
double ratio Re/p = R
e/Rp would be immune to most
instabilities. This double ratio has also doubled sensitiv-
ity to the directional variation of the speed of light. Such
a measurement could be performed with a single storage
ring collider, e.g. CESR or VEPP-4.
The sidereal periodicity of the possible signal when
used in the Fourier analysis of the data will allow sup-
pression of the systematics by a factor of 10-20 depending
on the duration of the experiment. By combining the re-
sulting sensitivity of the momenta ratio measurement R
of 10−8 with the factor of the beam (γ−2 ∼ 10−8), one
can find that the signal sensitivity is 10−16 or better for
δc/c, which would be a significant improvement for the
limit on the odd-parity anisotropy, whose current value
is 10−14 [10].
The JLab CEBAF accelerator [11] has the most advan-
tageous parameters for the proposed experiment because
its beam has a high current of 100 µA, a relative energy
spread of a few 10−5, and geometrical emittance of 10−9
m×rad (in spite of significant broadening due to radia-
tion losses in the last few turns). The accelerator sec-
tions are separated by 180◦ arcs, and the beam recently
reached γ ∼ 2 × 104, the highest Lorentz factor among
the currently operating accelerators. The absolute value
of the beam energy in a linear accelerator could vary, but
this does not impact the proposed investigation because
only the ratio of the beam momenta at opposite sides of
the arc needs to be stable. In addition, the value of the
anisotropy could be constrained at 10 different arcs with
increasing beam energy.
RESONANCE PRODUCTION
The masses of the narrow resonances (ϕ, J/Ψ,Υ, and
Z) have been measured with high precision in electron-
positron colliders. For example, the mass of the J/Ψ is
known with a relative accuracy of 3.5 × 10−6 and the
mass of the Υ with 1 × 10−5 [12]. These collider results
were obtained using a precision measurement of the beam
energies via the spin resonance method, which allows ac-
curate determination of the absolute value of the beam
Lorentz factor [13]. Variation of the speed of light leads
to a change of the Lorentz factor along the beam orbit
in a storage ring. The resonance could be used as the
second method of beam energy measurement needed in
a search for a sidereal time variation of the beam γ.
Because the beam directions at the location of the en-
ergy meter and the e+e− collision point are different (in
some experiments), the average observed Lorentz factor
of the beams is not necessarily equal to the ratio of the
meson and electron masses. For a symmetric-energy col-
lider (equal energies of a positron and an electron beam)
to first order the effect is canceled out. The B-factories
at SLAC and KEK [14] could access the non-isotropic
component of the speed of light due to the large differ-
ence in the Lorentz factor of the electron and positron
beams. The variation in the ratio β = v/c could be ex-
pressed as δβ/β = δm/m/(γ2+ − γ2−). The full observed
width of the Υ resonance is of 10 MeV (mainly due to
the beam energy spread). This would lead to an estimate
of a potential constraint on δc/c of 3 × 10−12. Finally,
very large statistics of accumulated Υ events in the KEK
experiment [15], 1 × 108, boosts potential sensitivity to
3 × 10−16. The sidereal variation of the observed res-
onance mass (at the fixed beams energies) would be a
signal of the anisotropy of the speed of light.
LEPTONS’ ANOMALOUS MAGNETIC
MOMENTS
The anomalous magnetic moments a−(+) of an elec-
tron and positron were measured to a 2 × 10−12 rela-
tive accuracy in single particle traps [16], which puts
a stringent constraint on the CPT violating parameter
of SME [6]. Independent measurement on the level of
10−8 was performed at the VEPP2m storage ring with
650 MeV beams of electrons and positrons [17]. These
beams of electrons and positrons move in the storage ring
in opposite directions and their Lorentz factors are ob-
tained by the spin resonance method. Assuming that
a+ = a− (constraint [16]) and equal masses of an elec-
tron and a positron, we can find the difference of the
Lorentz factors of these two beams and use such an ex-
periment for a search of the anisotropy of the speed of
light. Sensitivity of the experiment [17] corresponds to
δc/c ∼ 10−14.
There is the potential to reach a higher precision of
(a+ − a−)/aavg of 10−10 with the beam method [13];
alternatively, one can perform such a measurement us-
ing the VEPP-4 storage ring, where an almost ten times
higher beam γ factor leads to higher δc/c sensitivity. The
resulting estimate for (γ+−γ−)/γavg of 10−10 means that
the search sensitivity for δc/c is about 10−16 from mul-
tiple measurements with different sidereal phases.
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